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Abstract:

In the present study, treatment of amoxicillin (AMX) antibiotic from the surface water using carboxymethyl tragacanth gum-
grafted-polyaniline doped to Fe:Os (CMTG-g-PANI/Fe203) bionanocomposites (BNCs) was examined with adsorption
process from pharmaceutical industry wastewater (PI ww) plant, Izmir, Turkey. Different pH values (4.0, 5.0, 7.0 and 9.0),
increasing adsorption times (5 min, 10 min, 20 min and 40 min), increasing AMX concentrations (100 mg/l, 200 mg/I, 300
mg/l, 400 mg/l and 500 mg/l), increasing CMTG-g-PANI/Fe203 BNCs concentrations (5 mg/l, 15 mg/l, 30 mg/l and 45 mg/l1),
respectively, was operated during adsorption process in the efficient removals of AMX micropollutants in Pl ww. The
characteristics of the synthesized NPs were assessed using XRD, EDX, FESEM, FTIR, TEM and VSM analyses, respectively.
Also, thermal gravimetric analysis (TGA) was operated with Brunauer—-Emmet-Teller (BET) measurements by a multi-point
method, and the pore parameters were calculated via the Dubinin—Astakhov (DA) method. ANOVA statistical analysis was
used for all experimental samples. The maximum 99.36% AMX removal was obtained during adsorption process in Pl ww at
pH=7.0 and at 25°C. The maximum 99.07% AMX removal was observed during adsorption process in Pl ww after 20 min, at
pH=7.0 and at 25°C, respectively. The maximum 99.23% AMX removal was found with adsroption process in Pl ww, at 100
mg/l AMX, after 20 min, at pH=7.0 and at 25°C, respectively. The maximum 99.20% AMX removal was measured to 5 mg/I
CMTG-g-PANI/Fe203 BNCs with adsorption process in Pl ww, at 100 mg/l AMX after 20 min, at pH=7.0 and at 25°C,
respectively. The maximum 99% and 99% AMX recovery efficiencies were measured in Pl ww during adsorption process,
after 1. recycle time and 2. recycle time, respectively, at 100 mg/l AMX after 20 min, at pH=7.0 and at 25°C, respectively. A
granular structure with good thermal stability (34wt% char yield), 8.1143 m?/g specific surface area and 23 emu/g
magnetization saturation were measured for CMTG-g-PANI/Fe203 BNCs. 983.11 mg/g maximum adsorption capacity was
observed at pH=7.0, at 20 min adsorption mixing time, at 5 mg/l CMTG-g-PANI/Fe203 BNCs, at 500 mg/I initial AMX
concentration, respectively. The Freundlich isotherm model and the pseudo-second-order kinetic models are much more
suitable with the experimental data for AMX removal in Pl ww during adsorption process with CMTG-g-PANI/Fe203 BNCs.
The adsorption/desorption process showed that CMTG-g-PANI/Fe203 BNCs could continue to remove AMX after three
sequential adsorption/desorption cycles without significantly losing adsorption capacity. Finally, the combination of a simple,
easy operation preparation process, excellent performance and cost effective, makes this CMTG-g-PANI/Fe203 BNCs
bioadsorbent a promising option during adsorption process in Pl ww treatment.

Keywords: anova statistical analysis; amoxicillin; antibiotics; brunauer-emmet-teller (bet); carboxymethyl tragacanth
gum-grafted-polyaniline/fe203 bionanocomposite

Introduction

occurring chemicals or materials that are harmful to human health after long-
term disclosure. ECs can be classified into several classes, including
agricultural contaminants (pesticides and fertilizers), medicines and antidote

Emerging contaminants (ECs), sometimes known as contaminants of
emerging concern (CECs) can refer to a wide variety of artificial or naturally
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drugs, industrial and consumer waste products, and personal care and
household cleaning products [1,2]. Antibiotics are one of the ECs that have
raised concerns in the previous two decades because they have been routinely
and widely used in human and animal health care, resulting in widespread
antibiotic residues discharged in surface, groundwater, and wastewater.

Antibiotics, which are widely utilized in medicine, poultry farming and food
processing [3,4], have attracted considerable attention due to their abuse and
their harmful effects on human health and the ecological environment [5,6].
The misuse of antibiotics induces Deoxyribonucleic Acid (DNA)
contamination and accelerates the generation of drug-resistant bacteria and
super-bacteria [7-9]; thus, some diseases are more difficult to cure [10]. A
number of studies have revealed that the level of antibiotics in the soil, air
and surface water and even in potable water, is excessive in many areas [11-
13], which will ultimately accumulate in the human body via drinking water
and then damage the body’s nervous system, kidneys and blood system.
Therefore, it is necessary to develop an efficient method to remove
antibiotics present in Pl ww.

The uncontrolled, ever-growing accumulation of antibiotics and their
residues in the environment is an acute modern problem. Their presence in
water and soil is a potential hazard to the environment, humans, and other
living beings. Many therapeutic agents are not completely metabolized,
which leads to the penetration of active drug molecules into the biological
environment, the emergence of new contamination sources, the wide spread
of bacteria and microorganisms with multidrug resistance [14-16]. Modern
pharmaceutical wastewater facilities do not allow efficient removal of
antibiotic residues from the environment [17,18], which leads to their
accumulation in ecological systems [19,20]. Global studies of river pollution
with antibiotics have shown that 65% of surveyed rivers in 72 countries on
6 continents are contaminated with antibiotics [21]. According to the World
Health Organization (WHO), surface and groundwater, as well as partially
treated water, containing antibiotics residue and other pharmaceuticals,
typically at < 100 ng/l concentrations, whereas treated water has < 50 ng/l
concentrations, respectively [22]. However, the discovery of ECs in
numerous natural freshwater sources worldwide is growing yearly. Several
antibiotic residues have been reported to have been traced at concentrations
greater than their ecotoxicity endpoints in the marine environment,
specifically in Europe and Africa [23]. Thus, the European Union's Water
Framework Directive enumerated certain antibiotics as priority contaminants
[24-26]. In some rivers, the concentrations were so high that they posed a
real danger to both the ecosystem and human health. This matter, the
development of effective approaches to the removal of antibiotics from the
aquatic environment is of great importance.

More than 90% of medications taken orally do not decompose, thus they
become active compounds. Since antibiotics are highly soluble in water,
conventional treatment procedures cannot eliminate them, which poses a
significant obstacle to their removal [27]. The removal of antibiotics and
their residues from water and wastewater prior to their final release into the
environment is of particular concern [28]. Modern purification methods can
be roughly divided into the following three categories depending on the
purification mechanism: biological treatment [29,30], chemical degradation
[28,31], and physical removal. Each of these methods has its own advantages
and disadvantages. For example, biological purification can remove most
antibiotic residues, but the introduction of active organisms into the aquatic
environment can upset the ecological balance. Various chemical approaches
(ozonation, chlorination, and Fenton oxidation) cannot provide complete
purification and, in some cases, lead to the death of beneficial
microorganisms due to low selectivity.

The most common techniques for removing antibiotics include
electrochemical degradation [32], Fenton oxidation process [33], UV
radiation [34,35], ozonation [36], membrane filtration [37,38], photolysis
[39], biological degradation [40], and adsorption [41]. The most appealing
technology, nevertheless, is the adsorption process, which has a flexible and
straightforward design, is simple to use, is inexpensive, and is highly
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effective [42, 43]. The adsorbent used in industrial applications should be
able to quickly absorb the target material and be ecologically benign [44].

Amoxicillin (AMX) is one of the most widely employed commercial
penicillins and based on a B-lactam antibiotic categorized as penicillin [45],
due to its high bacterial resistance and large spectrum against a wide range
of microorganisms [46, 47]. Systemic, bacterial, and gastrointestinal
ilinesses are treated with AMX in both human and veterinary medicine. It is
widely recognized that AMX is utilized in modern medicine, and its
ecotoxicity contributes to the danger of medical wastewater. It can be found
in medical wastewater coming from pharmaceutical plants and hospitals,
which causes skin disorders and microbial resistance among pathogen
organisms. Due to the difficulty of breaking down this antibiotic, the residue
is eliminated in the urine and feces. Consuming too much AMX creates
resistant bacteria because it accumulates in the body and feeds the organisms
[48]. It has been reported that about 30-90% of AMX are discharged into
the environment through human and animal excrements [49], and the
presence of AMX in the ng/l to mg/I concentration ranges in surface water,
domestic and industrial wastewater. Since resistant bacteria can cause
diseases that are not treatable with traditional antibiotics, AMX waste must
be treated before its disposal [50]. It is essential to use an effective technique
to remove AMX before it is released into the aquatic environment.

Several methods have been reported for removal of AMX in different
matrices. These include electrode gradation [51]. advanced oxidation [52].
photocatalytic degradation [53]. and adsorption [49, 54-56], among others.
Adsorption process has been found to more effective for removal of AMX
because it restricts the transportation of pollutants into water systems [57].
Also, adsorption process is attractive because it uses different adsorbents.
These include activated carbon (AC) [49, 54], carbon nanotubes [47,57,58],
magnetic FesOa/activated carbon nanocomposite (NCs) [59, 60], magnetic
graphene oxide [55, 56], and porous polymers [61]. In order to effectively
remove AMX from water, a range of micro/nanostructures were deemed
acceptable adsorbents, either as single phases or composites. The use of
various adsorbents for AMX removal from aqueous solutions were reported
at literature. A metal—organic framework (MIL-53(Al)) was prepared with a
hydrothermal technique and used as an adsorbent for the removal of AMX
from surface water [62]. 758.5 mg/g MIL-53 adsorption capacity in
experimental conditions due to its high surface area. An adsorbent based on
NH.Cl-induced AC was employed for the removal of AMX from water. 99%
AMX removal was measured, owing to the high specific surface area (1029
m?/g) of NH4Cl-induced AC [63]. 97.9% AMX removal from surface water
was reported by an adsorbent based on AC produced from pomegranate
peel/iron nanoparticles, at pH=5.0 after 30 min contact time [64]. A green
magnetic adsorbent based on functional CoFe204-modified biochar was used
for AMX removal from surface water. The maximum 99.99 mg/g adsorption
capacity is obtained at pH=7.0 and at 25°C [65].

Tragacanth gum (TG), as a colorless and odorless natural polymer, is a
highly complex heterogeneous anionic polysaccharide that forms from the
stems and branches of Astragalus gummier and other Asian Astragalus
species [66]. Within a few weeks, the exudate can be recovered after it has
solidified into flakes or coils of ribbon [67]. TG is a substance that is found
in Turkey, Iran, India and Afghanistan. Neutral and anionic sugars, such as
D-galacturonic acid, D-galactose, D-xylose, L-arabinose, L-fucose, and d-
glucose are found in TG [66, 68]. TG natural polymer is utilized in a broad
range of areas, including the food, pharmaceutical, cosmetic [69], textile,
printing, and leather industries [66, 70-76]. It is possible because of its
amazing qualities, including (i) superior acid, heat, and enzyme resistance;
(if) longer shelf life and microbial resistance; (iii) non-toxicity, non-
allergenicity,  non-carcinogenicity,  non-mutagenicity, and  non-
teratogenicity; (iv) biocompatibility; and (v) biodegradability [66, 70-76]. In
addition to, TG is inexpensive, readily accessible, and has great solubility,
strong thermal stability, and a long shelf life [77]. In TG, hydroxyl- and
carboxylic-acid-reactive functional groups can be used for chelation in
removing pollutants from surface water. In order to increase the adsorption
capacity of natural polymers, copolymerization with functional monomers
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and inorganic fillers are added. The nanoparticles (NPs) synthesis mediated
by gum TC qualifies various principles of green chemistry such as (i) natural
availability/renewability, (ii) non-toxicity/inherently safer, (ii) aqueous
solubility, (iv) dual functional role of reducer and stabilizer, and (iv)
biodegradability [71, 74-78].

Iron (111) oxide (Fe203, hematite or red iron oxide) is an inorganic compound.
It is occurs naturally in rocks of all ages. It appears as a red-brown solid. It
is odourless and pH=7.0 [79]. Fe20s NPs is used as a feedstock in the
production of iron, as a pigment (Pigment Brown 6, Pigment Red 101), in
cosmetics, in dental composites, an important ingredient in calamine lotion,
to apply the final polish on metallic jewellery, in magnetic disk and magnetic
tapes, and in pharmaceuticals industry [79]. If Fe20s NPs is inhaled, iron
causes irritation of the gastrointestinal tract and lungs [79].

In this study, treatment of AMX antibiotic from the surface water using
CMTG-g-PANI/Fe203 BNCs was examined with adsorption process from Pl
ww plant, Izmir, Turkey. Different pH values (4.0, 5.0, 7.0 and 9.0),
increasing adsorption times (5 min, 10 min, 20 min and 40 min), increasing
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AMX concentrations (100 mg/l, 200 mg/I, 300 mg/l, 400 mg/l and 500 mg/I),
increasing CMTG-g-PANI/Fe203 BNCs concentrations (5 mg/l, 15 mg/I, 30
mg/l and 45 mg/l), respectively, was operated during adsorption process in
the efficient removals of AMX micropollutants in PI ww. Also, increasing
recyle times (Between 1 and 20 cycle) was examined for the AMX removal
The characteristics of the synthesized NPs were assessed using XRD, EDX,
FESEM, FTIR, TEM and VSM analyses, respectively. In addition to, TGA
analysis was operated with BET measurements by a multi-point method, and
the pore parameters were calculated via the Dubinin—-Astakhov (DA)
method. ANOVA statistical analysis was used for all experimental samples.

2.Materials and Methods
2.1. Characterization of Pharmaceutical Industry Wastewater

Characterization of the biological aerobic activated sludge proses from a PI
ww plant, Izmir, Turkey was performed. The results are given as the mean
value of triplicate samplings (Table 1).

Parameters Unit Concentrations
Chemical oxygen demand-total (CODxotal) (mg/1) 4000
Chemical oxygen demand-dissolved (CODuissolved) (mg/1) 3200
Biological oxygen demand-5 days (BODs) (mg/l) 1500
BODs / CODyissolved 0.5
Total organic carbons (TOC) (mg/1) 1800
Dissolved organic carbons (DOC) (mg/l) 1100
pH 8.3
Salinity as Electrical conductivity (EC) (mS/cm) | 1552
Total alkalinity as CaCO3 (mg/1) 750
Total volatile acids (TVA) (mg/1) 380
Turbidity (Nephelometric Turbidity unit, NTU) NTU 7.2
Color 1/m 50
Total suspended solids (TSS) (mg/l) 250
Volatile suspended solids (VSS) (mg/1) 187
Total dissolved solids (TDS) (mg/1) 825
Nitride (NO2") (mg/1) 1.7
Nitrate (NO3") (mg/1) 1.91
Ammonium (NH4") (mg/l) 2.3
Total Nitrogen (Total-N) (mg/l) 3.2
SO;72 (mg/l) 214
SO472 (mg/1) 29.3
Chloride (CI) (mg/1) 374
Bicarbonate (HCO3") (mg/l) 161
Phosphate (PO4%) (mg/l) 16
Total Phosphorus (Total-P) (mg/l) 40
Total Phenols (mg/1) 70
Oil & Grease (mg/1) 220
Cobalt (Co™) (mg/1) 0.2
Lead (Pb*?) (mg/l) 0.4
Potassium (K*) (mg/1) 17
Iron (Fe'?) (mg/l) 0.42
Chromium (Cr*?) (mg/l) 0.44
Mercury (Hg'?) (mg/1) 0.35
Zinc (Zn*?) (mg/1) 0.11

Table 1: Characterization of Pl ww
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2.2Experimental Chemicals

NazHPO4, NaCl, KH2PO4 and NH4Cl purchased from Merck (Merck,
Germany). The KOH tablets used as electrolyte was purchased from Merck
(Merck, Germany). TG with high-quality in translucent flakes was purchased
from Sigma-Aldrich (Germany). The specific surface area of the samples
was studied by the Brunauer—-Emmett-Teller (BET) technique according to
Belsorp mini Il, Microtrac BEL, Osaka, Japan. The thermal behavior of
samples was investigated by thermogravimetric analysis (TGA) with
L81A1750 Linseis (Selb, Germany).

2.3. The Preparation of Carboxymethyl Tragacanth Gum (CMTG)

The CMTG was synthesized according to Abdollahi et al. [80], with slight
modifications. 1 g disolved powdered TG was filled in a mixture of
water/ethanol (85 m1/15 ml). Then, 1.2 g NaOH in 10 ml deionized water
was added to the reaction mixture. This solution was kept at 50°C for 30 min
under a magnetic stirrer (Heidolph, Schwabach, Germany). After, 1.3 ¢
monochloroacetic acid (C2HsClOz) in 10 ml deionized water was added to
the reaction solution, and the final solution was stirred for 4 h at 50°C. After
then, cooling, the solution was poured into a double volume of ethanol or
methanol. The resultant CMTG sediment was separated using filter paper
and dried at 40°C.

2.4. The Synthesis of Fe2O3s NPs

The co-precipitation method was employed for the Fe203 NPs synthesis [81].
0.1 M NaOH solution was added to 100 ml deionized water, and the reaction
mixture was stirred magnetically for 15 min under an inert atmosphere [It is
an environment where powder bed fusion can take place without the risk of
contamination from reactive gases in the air, such as O2(g) and CO2(g)].
After, a solution of Fe(lll) and Fe(ll) salts was dropped into the previous
solution, and the final solution was kept under vigorous stirring at 25°C for
70 min. The resulting brown precipitate was separated and washed several
times with deionized water and ethanol. After that, the precipitate was dried
and the obtained powder was calcined at 300°C for 2 h to gain the Fe203
NPs.

2.4 The Preparation of CMTG-g-PANI/Fe203 BNCs

In a 250 ml round-bottom flask, 0.62 g CMTG was dissolved in 50 ml
deionized water. Then, 1.5 ml HCI was added to the solution, and the flask
was kept under N2(g) at 0-5°C. Subsequently, 10 wt% Fe203 NPs (optimum
amount) were dispersed in 20 ml deionized water for 30 min using an
ultrasonic bath and then added to the above solution. After, within 30 min, 3
g ammonium persulfate [(NH4)2S20s] in 10 ml deionized water was added
to the solution. The flask was then placed on a magnetic stirrer for 12 h under
the aforementioned conditions after 1.25 ml aniline monomer (CeHsNH2)
was added. The NCs was separated by a magnet and rinsed with 10 ml N-
methyl pyrrolidone (CsHoNO), H20 and acetone (CsHsO) before they were
dried at 50°C.

2.6. Characterization of CMTG-g-PANI/Fe203 BNCs
2.6.1. X-Ray Diffraction (XRD) Analysis

Powder XRD patterns were recorded on a Shimadzu XRD-7000, Japan
diffractometer using Cu Ko radiation (. = 1.5418 A, 40 kV, 40 mA) at a
scanning speed of 1° /min in the 10-80° 26 range. Raman spectrum was
collected with a Horiba Jobin Yvon-Labram HR UV-Visible NIR (200-1600
nm) Raman microscope spectrometer, using a laser with the wavelength of
512 nm. The spectrum was collected from 10 scans at a resolution of 2 /cm.
The zeta potential was measured with a Sur PASS Electrokinetic Analyzer
(Austria) with a clamping cell at 300 mbar.

2.6.2. Energy Dispersive X-Ray (EDX) Spectroscopy Analysis

The elements on the surface of CMTG-g-PANI/Fe203 BNCs were analysed
using energy dispersive X-ray analysis (EDX) with EDX spectrometry
device (TESCAN Co., Model 111 MIRA).
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2.6.3. Field Emission Scanning Electron Microscopy (FESEM) Analysis

The morphological features and structure of CMTG-g-PANI/Fe203 BNCs
was determined by Field Emission Scanning Electron Microscopy (FESEM)
(FESEM, Hitachi S-4700).

2.6.4. Fourier Transform Infrared Spectroscopy (FTIR) Analysis

The FTIR spectra of experimental samples was recorded using the FT-NIR
spectroscope (RAYLEIGH, WQF-510).

2.6.5. Transmission Electron Microscopy (TEM) Analysis

The obtained CMTG-g-PANI/Fe203 BNCs was collected and harvested by
centrifugation (8000 rpm, 5 min), washed twice with deionized water and
resuspended in ethanol (C2HsO) and dripped onto a carbon-coated copper
(Cu) TEM grid. Vacuum drying then occurred to the CMTG-g-PANI/Fe203
BNCs for 24 h at 25°C. The dry samples on the Cu grid were viewed and
examined by TEM Analysis recorded in a JEOL JEM 2100F, Japan under
200 kV accelerating voltage. The size and structure of the CMTG-g-
PANI/Fe203 BNCs samples were identified with TEM analysis.

2.6.6. Value stream mapping (VSM) Analysis

In order to explain the magnetic property of CMTG-g-PANI/Fe203 BNCs,
the magnetic hysteresis curve was measured at 25°C. The hysteresis loop
exhibits ferromagnetic behavior with saturation magnetization (Ms) of 2.59
emu/g.

2.6.7. Thermogravimetric Analysis (TGA)

Thermogravimetric analysis (TGA) was done using a Perkin Elmer TGA7
with a temperature range of 25-800°C (with a temperature increase rate of
10°C/min) under constant flow of N2(g) and using alumina ceramic crucible.
An infrared spectroscope (PERKIN ELMER16F PC FT-IR) equipped with
an attenuated total reflectance accessory was used to characterize UiO-66
and UiO-66-Doxycycline complex. Brunauer—Emmet-Teller (BET)
measurements were conducted using a Quantachrome Nova touch LX2
model. The samples were purged under vacuum for 4 h at 120°C before
initiating the analysis. BET surface area was determined via a multi-point
method and the pore parameters were calculated via the Dubinin—Astakhov
(DA) method [82]. Dubinin [82], postulated that pore filling is the
mechanism of adsorption in micropores. Dubinin [82], developed the theory
of volume filling of micropores (TVFM) to explain the pore filling
mechanism. Dubinin and Astakhov proposed an equation representing
isotherms that obeyed the TVFM. This equation, containing three
parameters. is used to characterize the heterogeneity of microporous
adsorbents such as activated carbons, zeolites and carbon molecular sieves.
The Dubinin-Astakhov (D-A) equation [82], is written as follows (Equation
1):

W = W,exp [— (g)n] 1)

where, W : is the amount adsorbed (cc/gm); W : is the volume of
micropores (cc/g carbon); E: is the characteristic energy of the
adsorption system; n : is the structural heterogeneity parameter, and A :
is the adsorption potential.

2.7. Adsorption Experiment

CMTG-g-PANI/Fe203 BNCs’s ability to remove AMX from aqueous
solutions was tested in a few different ways. The calibration curve of AMX
was prepared by defining the absorbance at 228 nm with a series (1 — 8 mg/I)
standard solutions achieved from reducing the stock solution at pH=7.0.
After, the AMX initial or equilibrium concentrations were measured with the
calibration curve [62].

AMX’s initial concentration in an aqueous solution, solution pH, the
agitation time, the amount of adsorbent, and other important parameters were
all examined for their effects on adsorption capacity. The pH was changed
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from 4.0 to 9.0 using 0.1 N HCl and 0.1 N NaOH. The optimal adsorption
conditions were then investigated using a range of CMTG-g-PANI/Fe203
BNCs doses (545 mg/l), contact periods (5-40 min.), and initial AMX
concentrations (100-500 mg/l). By comparing the outcomes of the
experimental data with those predicted by the Langmuir and Freundlich
models, the adsorption isotherms were also explored. To assess the
adsorption kinetics, the pseudo-first-order model and the pseudo-second-
order model were also applied. The experimental tests were carried out three
times, and an average of the results was provided. A UV-visible spectrometer
(Cary 5000 UV-Vis Spectrophotometer from Varian, Siemens, Germany)
was used to assess the AMX concentration. AMX’s capacity and adsorption
efficiency onto CMTG-g-PANI/Fe20s BNCs were calculated using
Equation (2) and Equation (3), respectively [42].

R% = [“=“2] x100 @)

Ci

0 = [55] xv @

where, Ci : is the AMX initial concentration in the solutions (mg/l); Ce : is
the equilibrium concentration in the solutions (mg/l); m : is the weight of
CMTG-g-PANI/Fe203 BNCs (g); V : is the solution volume (I),
respectively.

2.8. The Study of Isotherm

Langmuir and Freundlich’s isotherm models are used to evaluate the
maximum adsorption capacity isotherm and the equilibrium adsorption
isotherm. The Langmuir isotherm model measured the single-layer
adsorption of contaminants onto the adsorbent surface, whereas the
Freundlich isotherm model measured the multilayer adsorption of
pollutants on the adsorbent surface. The mathematical expression of the
Langmuir’s isotherm model (Equation 4) and the Freundlich’s isotherm
model (Equation 5) are as follows [62, 83]:

Ce _ 1 1
Qe KLQmax Qmax

Ce 4)

LnQ, = LnKg + ~LnC, )

where, Ce : is the equilibrium concentration (mg/l), Qe : is the equilibrium
adsorption capacity (mg/g); Qmax : is the maximum adsorption capacity
(mg/g); K : is the Langmuir constant calculated from the plot between
Ce/Qe and Ce (I/mg); KFr : is the Freundlich constant calculated from the
plot between LnQe and LnCe.(l/mg); n : is a parameter to define the
adsorption process favorability, respectively. If n > 1, high concentrations
of AMX adsorption on the bioadsorbent are expected.

2.9. The Study of Kinetic

The famous kinetics models were used for studying the effect of time on
the adsorption process. The mathematical expression of the pseudo-first-
order model (Equation 6) and the pseudo-second-order model (Equation
7) are shown in following [62, 83]:

Ln(Qe - Qt) = LnQ, — kit (6)

t 1 1
— = + —t 7
Qe k,Q% Qe Y

where Qt : is the adsorption capacity at time t (mg/g); Qe : is the adsorption
capacity at equilibrium (mg/g); k1 : is the rate constant of pseudo-first-
order (1/min); k2 : is the rate constants of the pseudo-second-order
(g/mg-min), respectively.

2.10.The Study of Desorption and Reusability

To examine the desorption and reusability of CMTG-g-PANI/Fe203
BNCs, AMX adsorbed onto CMTG-g-PANI/Fe203 BNCs was floated in
ethanol and stirred at 25°C for 1 h. After, the CMTG-g-PANI/Fe203 BNCs
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was separated by a magnet. The quantity of released AMX in the elution
medium was measured then employing a UV-visible spectrophotometer
(Cary 5000 UV-Vis Spectrophotometer from Varian, Siemens, Germany).
The desorption percentage was shown following in Equation (8).

%D = = x100 )

where, A : is the AMX desorbed in the medium (mg); B : is the AMX
adsorbed on the CMTG-g-PANI/Fe203 BNCs (mg).

2.11. Analytical Procedures

CODxotal, CODyissolved, Total-P, PO4-3-P, Total-N, NH4™-N, NO3-N, NO2>-
N, BODs, pH, T(°C), TSS, TVSS, TOC, Qil, CI-, total phenol, TVA, DOC,
total alkalinity, turbidity, TDS, color, SO3?, SO42, HCOs3', salinity, Co*?,
Pb*2, K*, Fe*2, Cr*?, Hg*? and Zn*? were measured according to the
Standard Methods (2017) 5220B, 5220D, 4500-P, 4500-PO43, 4500-N,
4500-NH4*, 4500-NOz,, 4500-NO2, 5210B, 4500-H*, 2320, 2540D,
2540E, 5310, 5520, 4500-Cl-, 5530, 5560B, 5310B, 2320, 2130, 2540E,
2120, 4500-S0372, 4500-S042, 5320, 2520, 3500-Co*3, 3500-Pb*2, 3500-
K*, 3500-Fe*?, 3500-Cr+?, 3500- Hg*?, 3500-Zn*?, respectively [84].

Total-N, NH4*-N, NO3-N, NO2-N, Total-P, PO43-P, total phenol, Co*3,
Pb*?, K*, Fe*2, Cr*?, Hg*?, Zn*?, SOs7?, and SO42 were measured with cell
test spectroquant kits (Merck, Germany) at a spectroquant NOVA 60
(Merck, Germany) spectrophotometer (2003).

The measurement of color was carried out following the methods described
by Olthof and Eckenfelder [85], and Eckenfelder [86]. According these
methods, the color content was determined by measuring the absorbance
at three wavelengths (445 nm, 540 nm and 660 nm), and taking the sum of
the absorbances at these wavelengths. In order to identify the color in 25
ml Pl ww was acidified at pH=2.0 with a few drops of 6 N HCI and
extracted three times with 25 ml of ethyl acetate. The pooled organic
phases were dehydrated on sodium sulphate, filtered and dried under
vacuum. The residue was sylilated with bis
(trimethylsylil)trifluoroacetamide (BSTFA) in dimethylformamide and
analyzed by gas chromatography-mass spectrometry (GC-MS) and gas
chromatograph (GC) (Agilent Technology model 6890N) equipped with a
mass selective detector (Agilent 5973 inert MSD). Mass spectra were
recorded using a VGTS 250 spectrometer equipped with a capillary SE 52
column (HP5-MS 30 m, 0.25 mm ID, 0.25 pum) at 220°C with an isothermal
program for 10 min. The initial oven temperature was kept at 50°C for 1
min, then raised to 220°C at 25°C/min and from 200 to 300°C at 8°C/min,
and was then maintained for 5.5 min. High purity He (g) was used as the
carrier gas at constant flow mode (1.5 ml/min, 45 cm/s linear velocity).

The total phenol was monitored as follows: 40 ml of Pl ww was acidified
to pH=2.0 by the addition of concentrated HCI. Total phenol was then
extracted with ethyl acetate. The organic phase was concentrated at 40°C
to about 1 ml and silylized by the addition of N,O-bis(trimethylsilyl)
acetamide (BSA). The resulting trimethylsilyl derivatives were analysed
by GC-MS (Hewlett-Packard 6980/HP5973MSD).

Methyl tertiary butyl ether (MTBE) was used to extract oil from the water
and NPs. GC-MS analysis was performed on an Agilent gas
chromatography (GC) system. Oil concentration was measured using a
UV-vis fluorescence spectrophotometer (Cary 5000 UV-Vis
Spectrophotometer from Varian, Siemens, Germany) and a GC-MS
(Hewlett-Packard 6980/HP5973MSD). UV-vis absorbance was measured
on this UV-vis fluorescence spectrophotometer and oil concentration was
calculated using a calibration plot which was obtained with known oil
concentration samples.

2.12. Statistical Analysis

ANOVA analysis of variance between experimental data was performed
to detect F and P values. The ANOVA test was used to test the differences
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between dependent and independent groups, [87].(Zar, 1984). Comparison
between the actual variation of the experimental data averages and
standard deviation is expressed in terms of F ratio. F is equal (found
variation of the date averages/expected variation of the date averages). P
reports the significance level, and d.f indicates the number of degrees of
freedom. Regression analysis was applied to the experimental data in order
to determine the regression coefficient R?, [88]. The aforementioned test
was performed using Microsoft Excel Program.

All experiments were carried out three times and the results are given as
the means of triplicate samplings. The data relevant to the individual
pollutant parameters are given as the mean with standard deviation (SD)
values.

3. Results And Discussions

Copy rights@ Delia Teresa Sponza et all
3.1. The Characteristics of CMTG-g-PANI/Fe203z BNCs

3.1.1. The Results of XRD Analysis

The results of XRD analysis was observed to CMTG-g-PANI/Fe203 BNCs
in the removal of AMX in PI ww with adsorption process (Figure 1). The
characterization peaks were found at 20 values of 22.18° and
corresponding to the (110), respectively (Figure 1a). The characterization
peaks were measured at 20 values of 33.41°, 36.10°, 50.28°, 55.71°, 62.38°
and 64.60°, respectively, and corresponding to the (003), (112), (200),
(120), (222) and (221), respectively (Figure 1b). The characterization
peaks were observedd at 20 values of 22.19°, 24.03° and 33.11°,
respectively, and corresponding to the (101), (114) and (120), respectively
(Figure 1c). The characterization peaks were measured at 26 values of
34.12°, 36.81°, 49.76° and 54.63°, respectively, and corresponding to the
(112), (042), (211) and (132), respectively (Figure 1d).
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Figure 1: XRD spectra of (a) CMTG NPs, (b) Fe203 NPs, (¢) CMTG-g-PANI NCs and (d) CMTG-g-PANI/Fe203 BNCs in the removal of AMX in Pl ww
with adsorption process.

3.1.2. The Results of EDX Analysis

The EDX analysis of CMTG-g-PANI/Fe203 BNCs was also performed to
investigate in the removal of AMX in Pl ww with adsorption process (Figure

2). The elemental percentages of CMTG-g-PANI/Fe2Os BNCs were
obtained at 41.50W%C, 27.80w%0, 12.66w%N, 7.56w%Fe, 5.37w%CI| and
5.11w%Na, respectively (Figure 2).

Ene rg},rﬁ{ke"u"]l

Figure 2: EDX spectrum of CMTG-g-PANI/Fe203 BNCs in the removal of AMX in Pl ww with adsorption process.
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3.1.3. The Results of FESEM Analysis

The morphological features of CMTG, PANI, Fe203 NPs and CMTG-g-
PANI/Fe203 BNCs were characterized through FE-SEM images (Figure 3).

©
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The FESEM images of CMTG (Figure 3a), PANI (Figure 3b), Fe203 NPs
(Figure 3c) and CMTG-g-PANI/Fe203 BNCs (Figure 3d) were observed in
the removal of AMX in Pl ww with adsorption process. The FESEM images
size is 200 nm (Figure 3).

=
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Figure 3: FESEM images of (a) CMTG, (b) PANI (c) Fe203 NPs and (d) CMTG-g-PANI/Fe203 BNCs in the removal of AMX in Pl ww with adsorption
process (FESEM images size: 200 nm).

3.1.4. The Results of FTIR Analysis

The FTIR spectrum of CMTG NPs, Fe20s NPs, CMTG-g-PANI NCs and
CMTG-g-PANI/Fe203 BNCs were obtained in the removal of AMX in Pl
ww with adsorption process (Figure 4). The main peaks of FTIR spectrum
CMTG NPs for AMX removal in Pl ww with adsorption process was
observed at 1650 1/cm and 1430 1/cm wavenumber, respectively (Figure
4a). The main peaks of FTIR spectrum Fe203 NPs for AMX removal in Pl

ww with adsorption process was obtained at 1600 1/cm and 650 l/cm
wavenumber, respectively (Figure 4b). The main peaks of FTIR spectrum
CMTG-g-PANI NCs for AMX removal in Pl ww with adsorption process
was measured at 1635 1/cm, 1438 1/cm and 1112 1/cm wavenumber,
respectively (Figure 4c). The main peaks of FTIR spectrum CMTG NPs for
AMX removal in Pl ww with adsorption process was found at 1617 1/cm,
1395 1/cm and 1100 1/cm wavenumber, respectively (Figure 4d).
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Figure 4: FTIR spectrum of (a) CMTG NPs, (b) Fe203 NPs, (c) CMTG-g-PANI NCs and (d) CMTG-g-PANI/Fe203 BNCs in the removal of AMX in

P1 ww with adsorption process.

3.1.5. The Results of TEM Analysis

The TEM images of CMTG-g-PANI/Fe203 BNCs was obtained in the removal of AMX in Pl ww with adsorption process (Figure 5).

Auctores Publishing LLC — Volume 7(5)-136 www.auctoresonline.org
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Figure 5: TEM images of CMTG-g-PANI/Fe203 BNCs was obtained in the removal of AMX in Pl ww with adsorption process.

3.1.6. The Results of VSM and TGA Analysis

The VSM curve of CMTG-g-PANI/Fe20s BNCs (Figure 6a) and the TGA
thermogram of CMTG (blue line), CMTG-g-PANI (red dashed line) and
CMTG-g-PANI/Fe203 BNCs (green dotted line), respectively, (Figure 6b)
in the removal of AMX in Pl ww with adsorption process.

VSM analysis was employed to evaluate of magnetic properties of CMTG-
g-PANI/Fe203 BNCs as shown in Figure 6a. The magnetization saturation
(Ms) value of and CMTG-g-PANI/Fe203 BNCs was 23 emu/g and showed
superparamagnetic properties (Figure 6a).

TG analysis was applied to study the thermal stability of prepared materials
as seen in Figure 6b. The char yield of TG at 800°C was 25wt%. Four mass
losses at 30-150°C, 150-300°C, 300-550°C and 550-780°C were measured
in the TGA thermogram of CMTG. The first (10wt%) and second (32wt%)
mass losses were related to the moisture evaporation and combination of the

saccharide ring degradation, the C-O-C breaking, and CO2(g) elimination
from CMTG, respectively [89, 90]. The two latter mass losses were
attributed to the CMTG backbone breaking [90]. The char yield of CMTG at
800°C was 33wt%. In the TGA thermogram of CMTG-g-PANI, four mass
losses were obtained. The first mass loss (10wt%) at 5-200°C was caused by
the evaporation of H20 and solvent entrapment in the co-polymer chains
[91]. The second mass loss (25wt%) at 200—300°C probably corresponded to
the loss of hydrochloric acid (HCI), saccharide ring, and CO2(g) elimination
from CMTG-g-PANI NCs. The third mass loss (10wt%) at 300-500°C and
the fourth mass loss (20wt%) at 500-750°C was ascribed to the breakdown
of sugar units in CMTG structure and PANI, respectively. The char yield of
CMTG-g-PANI at 800°C was 34wt%. Compared with CMTG-g-PANI NCs,
the TGA thermogram of CMTG-g-PANI/Fe20s BNCs was shown good
thermal stability owing to the existence of Fe203 NPs in CMTG-g-PANI NCs
matrix.
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Figure 6: (a) The VSM curve of CMTG-g-PANI/Fe203 BNCs and (b) the TGA thermogram of CMTG (blue line), CMTG-g-PANI (red dashed line) and
CMTG-g-PANI/Fe203 BNCs (green dotted line), respectively, in the removal of AMX in Pl ww with adsorption process.

3.2. Adsorption Isotherm Models

Isotherm study was used to find the interaction between AMX and CMT-g-
PANI/Fe203 BNCs. It is well known that Langmuir and Freundlich’s
isotherm models are used to evaluate the maximum adsorption capacity and
equilibrium adsorption isotherms. The obtained parameters of isotherm
models are shown in Table 2. Consistent with obtained the isotherm models
correlation coefficients (R?), the Freundlich isotherm model was found to be
more reliable with the experimental data than the Langmuir isotherm model.
This result shows that AMX adsorbed over CMTG-g-PANI/Fe203 BNCs
bioadsorbent surface as a multilayer. Therefore, the obtained “n” in the

Freundlich isotherm model is an important parameter to define the
adsorption process favorability. The value of n > 1 in Table 2 shows that
AMX adsorbed over CMTG-g-PANI/Fe203 BNCs bioadsorbent surface is
desirable at high concentrations. The comparison of Qmax for AMX to other
adsorbents reported in recent years showed that CMTG-g-PANI/Fe203
BNCs biosorbent has Qmax=983.11 mg/g maximum adsorption capacity. This
could be related to the presence of Fe20s NPs and numerous active sites
(such as, hydroxyl, carboxylate, and amine groups in the NCs), which can
effectively interact with AMX (via electrostatic interaction and hydrogen
bonding), led to eliminating AMX.

Adsorption Isotherm Models

Freundlich

89.9721

1.99

0.9985

Parameters Langmuir
Kr

n

R? 0.9106
Qmax 983.11

Kt 0.0567

Table 2:The adsorption isotherm model parameters for AMX adsorption onto CMTG-g-PANI/Fe203 BNCs

3.3. Adsorption Kinetic Models

The pseudo-first-order kinetic model and the pseudo-second-order kinetic
model were used to explore and evaluate the adsorption pathways,
equilibrium time and adsorption rate limiting phase of AMX adsorbed on
CMT-g-PANI/Fe20s BNCs adsorbent. However, kinetic models are
employed to define the adsorption process mechanism, for instance, surface
adsorption and chemical adsorption. The pseudo-first-order kinetic model is
based on the adsorbent capacity and employed once adsorption happens via
diffusion in a border layer, whereas the pseudo-second-order kinetic model
expresses that the chemical adsorption procedure is the main controlling

procedure. The parameters calculated from the pseudo-first-order kinetic
model and the pseudo-second-order adsorption kinetic model are given in
Table 3. According to R?, the difference between the estimated Qe and
observed Qe values, the pseudo-second-order kinetic model is more
appropriate for considering the AMX adsorption kinetics on CMTG-g-
PANI/Fe20s BNCs. In conclusion, chemical adsorption is the main
mechanism in AMX adsorption on the adsorbent and it displays that, in
addition to AMX molecules, CMTG-g-PANI/Fe203 BNCs bioadsorbent is
involved in the adsorption procedure.

Adsorption Kinetic Models
Parameters Pseudo-first-order Pseudo-second-order
ki 0.0739
k2 0.000001
Qe calculated 38.564
Qc experimental 791.42 791.56
Qe 834.12
R? 0.9867 0.9929

Table 3: The adsorption kinetic models parameters for AMX adsorption on CMTG-g-PANI/Fe203 BNCs.

3.4. The Desorption and Reusability of CMTG-g-PANI/Fe203 BNCs for
AMX Adroption in Surface Water

The reusability of adsorbent is a significant factor to create the adsorption
procedure economically. The reusability of adsorbent can be effective for its
use in numerous consecutive cycles without considerable performance
debility. The AMX desorption and reusability of CMT-g-PANI/Fe2O3 BNCs
bioadsorbent were evaluated in three consecutive cycles, and an ethanolic
solution was investigated. In this regard, AMX adsorbed onto CMTG-g-
PANI/Fe203 BNCs was performed in optimal conditions and was immersed
into 10 ml ethanol under stirring at 25°C for 60 min to desorb AMX. After,

Auctores Publishing LLC — Volume 7(5)-136 www.auctoresonline.org
ISSN: 2693-4779

CMTG-g-PANI/Fe203 BNCs was collected by a magnet, washed with
deionized water, and then dried for successive adsorption/desorption
processes. Then, the released AMX amount in the elution medium was
measured using the UV-vis fluorescence spectrophotometer. Figure 7
shows that the adsorption percentage decreased from 98.59 % to 94.03%,
and the desorption percentage decreased from 94.41% to 92.001% after three
consecutive cycles, these results show that the CMT-g-PANI/Fe203 BNCs
could continue to remove amoxicillin after three consecutive cycles of
adsorption/desorption process without considerably losing adsorption
capacity.
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Figure 7. The desorption and reusability of CMTG-g-PANI7Fe203 BNCs bioadsorbent for AMX adsorption in surface water.

3.5. The Adsorption Mechanism of AMX

The pollutant adsorption mechanism by the bioadsorbent depends on the
functional groups and morphology of bioadsorbent, which can be created a
synergistic effect in increasing the pollutant adsorption by the bioadsorbent.
Considering that the CMTG-g-PANI/Fe203 BNCs bioadsorbent has amine
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carboxylate, and hydroxyl functional groups, it can create intermolecular
interactions (hydrogen bonding, electrostatic and n— interactions) with the
AMX, and cause its efficient adsorption on the CMTG-g-PANI/Fe203 BNCs
bioadsorbent as seen in Figure 8.

3

Figure 8. The adsorption mechanism of AMX in surface water using CMTG-g-PANI/Fe203 BNCs.

3.6. Effect of Increasing pH values for AMX Removal in Pl ww with
Adsorption Process

Increasing pH values (4.0, 5.0, 7.0 and 9.0) was examined during
adsorption process in Pl ww for AMX removal in surface water at 25°C,

respectively (Figure 9). 65.18%, 70.29% and 50.84% AMX removals
were measured at pH=4.0, pH=5.0 and pH=9.0, respectively, at 25°C
(Figure 9). The maximum 99.36% AMX removal efficiency was obtained
during adsorption process in Pl ww at pH=7.0 and at 25°C (Figure 9).
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Figure 9: Effect of increasing pH values for AMX removal in Pl ww during adsorption process at 25°C.

3.7. Effect of Increasing Adsorption Time for AMX Removal in P ww
with Adsorption Process

Increasing adsorption times (5 min, 10 min, 20 min and 40 min) was operated
during adsorption process in Pl ww for AMX removal in surface water, at
pH=7.0 and at 25°C, respectively (Figure 10). 66.25%, 81.11% and 57.82%

Auctores Publishing LLC — Volume 7(5)-136 www.auctoresonline.org
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AMX removals were found after 5 min, 10 min and 40 min, respectively, at
pH=7.0 and at 25°C (Figure 10). The maximum 99.07% AMX removal
efficiency was observed during adsorption process in Pl ww after 20 min
adsorption time, at pH=7.0 and at 25°C, respectively (Figure 10).
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Figure 10: Effect of increasing adsorption times for AMX removal in Pl ww during adsorption process, at pH=7.0 and at 25°C.

3.8. Effect of Increasing AMX Concentrations for AMX Removal in
P1 ww during Adsorption Process

Increasing AMX concentrations (100 mg/l, 200 mg/l, 300 mg/l, 400 mg/I
and 500 mg/l) were operated after 120 min adsorption time, at pH=7.0 and
at 25°C, respectively (Figure 11). 81.34%, 79.40%, 55.73% and 49.26%

AMX removal efficiencies were obtained to 200 mg/l, 300 mg/I, 400 mg/I
and 500 mg/l AMX concentrations, after 20 min adsroption time, at
pH=7.0 and at 25°C, respectively (Figure 11). The maximum 99.23%
AMX removals efficieny was found with adsroption process in Pl ww, at
100 mg/l AMX, after 20 min adsorption time, at pH=7.0 and at 25°C,
respectively (Figure 11).
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Figure 11: Effect of increasing AMX concentrations for AMX removal in Pl ww during adsorption process, after 20 min adsorption time, at pH=7.0 and at
25°C, respectively.

3.9 Effect of Increasing CMTG-g-PANI/Fe20s BNCs Concentrations
for AMX Removals in Pl ww during Adsorption Process

Increasing CMTG-g-PANI/Fe203 BNCs concentrations (5 mg/l, 15 mg/l, 30

mg/l and 45 mg/l) were operated at 100 mg/l AMX after 20 min adsorption

time, at pH=7.0 and at 25°C, respectively (Figure 12). 77.41%, 64.08% and

45.79% AMX removal efficiencies were obtained to 15 mg/l, 30 mg/l and 45

mg/l CMTG-g-PANI/Fe203 BNCs concentrations, respectively, at 100 mg/I
AMX after 20 min adsorption time, at pH=7.0 and at 25°C, respectively
(Figure 12). The maximum 99.20% AMX removal efficieny was measured
to 5 mg/l CMTG-g-PANI/Fe203 BNCs with adsorption process in Pl ww, at
100 mg/l AMX after 20 min adsorption time, at pH=7.0 and at 25°C,
respectively (Figure 12).
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Figure 12: Effect of increasing CMTG-g-PANI/Fe203 BNCs concentrations for AMX removal in Pl ww during adsorption process, at 100 mg/l AMX after
20 min adsorption time, at pH=7.0 and at 25°C, respectively.

4.0 Effect of Different Recycle Times for AMX Removals in Pl ww
during Adsorption Process

Auctores Publishing LLC — Volume 7(5)-136 www.auctoresonline.org
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Different recycle times (between 1. and 20.) were operated for AMX
removals in Pl ww during adsorption process, at 100 mg/l AMX after 20 min
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adsorption time, at pH=7.0 and at 25°C, respectively (Figure 13). 98%, 97%,
95%, 94%, 92%, 90%, 88%, 86%, 84%, 83%, 82%, 81%, 80%, 78%, 75%,
72%, 70% and 61% AMX recovery yields were measured after 3., 4., 5., 6.,
7,8.,9,10,11,12, 13, 14, 15,, 16., 17., 18., 19., and 20. recycle times,
respectively, at 100 mg/l AMX after 20 min adsorption time, at pH=7.0 and

Copy rights@ Delia Teresa Sponza et all
at 25°C, respectively (Figure 13). The maximum 99% and 99% AMX
recovery efficiencies were measured in Pl ww during adsorption process,
after 1. recycle time and 2. recycle time, respectively, at 100 mg/l AMX after
20 min adsorption time, at pH=7.0 and at 25°C, respectively (Figure 13).
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Figure 13: Effect of recycle times for AMX removal in Pl ww during adsorption process, at 100 mg/l AMX, 5 mg/l CMTG-g-PANI/Fe203 BNCs after 20
min adsorption time, at pH=7.0 and at 25°C, respectively.

4.Conclusions

The treatment of AMX antibiotic from the surface water using CMTG-g-
PANI/Fe203 BNCs as a bioadsorbent was examined with adsorption process
from PI ww plant, Izmir, Turkey. The maximum 99.36% AMX removal
efficiency was obtained during adsorption process in Pl ww at pH=7.0 and
at 25°C. The maximum 99.07% AMX removal efficiency was observed
during adsorption process in Pl ww after 20 min adsorption time, at pH=7.0
and at 25°C, respectively. The maximum 99.23% AMX removals efficieny
was found with adsroption process in Pl ww, at 100 mg/l AMX, after 20 min
adsorption time, at pH=7.0 and at 25°C, respectively. The maximum 99.20%
AMX removal efficieny was measured to 5 mg/l CMTG-g-PANI/Fe203
BNCs with adsorption process in Pl ww, at 100 mg/l AMX after 20 min
adsorption time, at pH=7.0 and at 25°C, respectively. The maximum 99%
and 99% AMX recovery efficiencies were measured in Pl ww during
adsorption process, after 1. recycle time and 2. recycle time, respectively, at
100 mg/l AMX after 20 min adsorption time, at pH=7.0 and at 25°C,
respectively.

A granular structure with good thermal stability (34wt% char yield), 8.1143
m?/g specific surface area and 23 emu/g magnetization saturation were
measured for CMTG-g-PANI/Fe20s BNCs. 983.11 mg/g maximum
adsorption capacity was observed at pH=7.0, at 20 min adsorption mixing
time, at 5 mg/l CMTG-g-PANI/Fe203 BNCs, at 500 mg/l initial AMX
concentration, respectively. The Freundlich isotherm model and the pseudo-
second-order kinetic models are much more suitable with the experimental
data for AMX removal in Pl ww during adsorption process with CMTG-g-
PANI/Fe203 BNCs. The adsorption/desorption process showed that CMTG-
g-PANI/Fe203 BNCs could continue to remove AMX after three sequential
adsorption/desorption cycles without significantly losing adsorption
capacity. The intermolecular interactions such as hydrogen bonding,
electrostatic and n—m interactions between AMX and CMTG-g-PANI/Fe203
BNCs were suggested for the adsorption mechanism of AMX by CMTG-g-
PANI/Fe203 BNCs in Pl ww during adsorption process.

The AMX removal with adsorption process with CMTG-g-PANI/Fe203
BNCs applied to other waste metal ions to prepare the biogenic metals,
facilitate their recovery and reuse in degrading micropollutants in Pl ww.
Finally, the combination of a simple, easy operation preparation process,
excellent performance and cost effective, makes this CMTG-g-PANI/Fe203

Auctores Publishing LLC — Volume 7(5)-136 www.auctoresonline.org
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BNCs bioadsorbent a promising option during adsorption process in Pl ww
treatment.
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